Abstract. The present paper deals with the spectra of powers of metricallyregular graphs. We prove that there is only one table of the parameters of an association scheme so that the corresponding metrically regular bipartite graph of diameter D = 6 (7 distinct eigenvalues of the adjacency matrix) has the metrically regular square. The results deal with the graphs of the diameter D < 6 see 7] and 8].
D = 6 (7 distinct eigenvalues of the adjacency matrix) has the metrically regular square. The results deal with the graphs of the diameter D < 6 see 7] and 8].
Introduction and Notation
The theory of metrically regular graphs originates from the theory of association schemes rst introduced by R.C. Bose and Shimamoto 2] . All graphs will be undirected, without loops and multiple edges.
De nition 1]
. Let X be a nite set, n := jXj 2. For an arbitrary natural number D let R= fR 0 ; R 1 ; : : :; R D g be a system of binary relations on X. A pair (X,R) will called an association scheme with n classes if and only if it satis es the axioms A1 ? A4: A1. The system R forms a partition of the set X 2 and R 0 is the diagonal relation, i.e. R 0 = f(x; x); x 2 Xg. A2. For each i 2 f0; 1; : : :; Dg it holds R ?1 i 2 R. A3. For each i; j; k 2 f0; 1; : : :; Dg it holds (x; y) 2 R k^( x 1 ; y 1 ) 2 R k ) p ij (x; y) = p ij (x 1 ; y 1 ); where p ij (x; y) = jfz; (x; z) 2 R i^( z; y) 2 R j gj. Then de ne p k ij := p ij (x; y) where (x; y) 2 R k . A4. For each i; j; k 2 f0; 1; : : :; Dg it holds p k ij = p k ji .
The set X will be called the carrier of the association scheme (X,R). Especially, p k i0 = ik , p 0 ij = v i ij , where ij is the Kronecker-Symbol and v i := p 0 ii , and de ne P j := (p k ij ), 0 i; j; k D.
Given a graph G = (X; E) of diameter D we may de ne R k = f(x; y); d(x; y) = kg, where d (x; y) is the distance from the vertex x to the vertex y in the standard graph metric. If (X,R), R = fR 0 ; R 1 ; : : :; R D g, gives rise to an association scheme, the graph is called metrically regular and the p k ij are said to be its parameters or its structural constants. Especially, metrically regular graphs with the diameter D = 2 are called strongly regular.
1.2. De nition. Let G = (X; E) be an undirected graph without loops and multiple edges. The second power (or the square) of G is the graph G 2 = (X; E) with the same vertex set X and in which di erent vertices are adjacent if and only if there is at least one path of the length 2 or 1 in G between them.
1.3. De nition. Let G be a graph with an adjacency matrix A. The characteristic polynomial j I ? Aj of the adjacency matrix A is called the characteristic polynomial of G and denoted by P G ( ). The eigenvalues of A and the spectrum of A are called the eigenvalues and the spectrum of G, respectively. If 1 2 n are the eigenvalues of G, the whole spectrum is denoted by S p (G) and 1 Further, we use some of the known relations from the theory of associations schemes 1]
Theorem. There is only one table of the parameters of an association scheme with 6 classes so that the corresponding metrically regular bipartite graph of diameter D = 6 (7 distinct eigenvalues of the adjacency matrix) has the metrically regular square.
Proof. Let As the diameter of G 2 is D = 3 we obtain according to Theorem 1.5 . that the graph G 2 has 4 distinct eigenvalues. So it must hold one the following posibilities 1. i = j = k = m ; i; j; k; m 2 f2; : : :; 7g.
Because of (2:7) we get ?p 2 11 = i + j = i + k = i + m = j + k = j + m = k + m and we obtain a contradiction with s 6 = t for s 6 = t; s; t 2 f2; : : :; 7g: 2. i = j = k ; m = n ; i; j; k; m; n 2 f2; : : :; 7g.
Because of (2:7) The realization of this table is the 6-dimensional unit cube.
With respect to Theorems 1.9.-1.11. and 2.1. it would be reasonable to conjecture:
There is only one table of parameters of an association scheme with 2k classes (k 2) so that the corresponding metrically regular bipartite graph of diameter D = 2k has a metrically regular square. The realization of this table is the 2k-dimensional unit cube.
